The Acid-soluble Components of Adenovirus and of Adenovirus-infected Cells (Accepted 29 December 197o) Studies in a number of laboratories have indicated that the internal protein components of adenovirus are basic in nature and possess some properties which are similar to the histones and protamines. Thus, they are acid-soluble, rich in arginine and have alanine as their major N-terminal amino acid (Russell, Laver & Sanderson, I968; Prage, Pettersson & Philipson, 1968; Maizel, White & Scharff, 1968; Boulanger et al. 1970; Laver, 1970; Russell, McIntosh & Skehel, I971) . The possible function of these components in infection is of great interest; furthermore, they provide a relatively simple system in which to study the interaction of basic proteins and nucleic acids. As one approach to this problem, the changes in the metabolism of cellular histories as a result of infection by adenovirus have been examined by analysing the acid-soluble components of infected and control cells in polyacrylamide gel electrophoresis. In parallel, the acid-soluble components of the purified virus have also been further characterized and compared with the histones.
The preparation and purification of the virus (type 5, Ad 75) has been described in previous papers (Russell et al. I967; Russell, Valentine & Pereira, 1967 ) . The general plan of the experiments was similar to previous studies involving the metabolism of infected cells, viz. HEK cells were infected in suspension at a multiplicity of approximately 200 p.f.u./cell and plated out as monolayers (Russell et al. i967a ). In our original experiments (Russell et al. 1968 ) the acid soluble components of the disrupted purified virus were extracted with a hydrochloric acid + ethanol mixture and then precipitated by dialysis of the extract against absolute ethanol. On analysis by acrylamide gel electrophoresis in urea at pH 2" 4, three bands were produced. Amino acid analysis of such extracts showed the arginine-rich nature of those components (Table I) , thus confirming the conclusions drawn by the more indirect radioactive tracer methods (Russell et al. 1968) . Another method of acid extraction and precipitation has since been used to circumvent the possibility that some smaller acid-soluble components were lost in the dialysis step. The purified virus in these experiments was disrupted by heating and extracted with o-o5N-hydrochloric acid by shaking at 4 ° for 4 hr. Ten vol. of cold acetone was added to the supernatant fluid after centrifugation (5oog, IO min.). The precipitate, formed after standing overnight at 4 ° was sedimented (5oo g, IO min.) at 4 °, dried by evaporation and dissolved in a small volume of distilled water. Amino acid analysis of this acid extract (Table I) showed a similar distribution of amino acids to the previous method although with a slightly higher proportion of basic amino acids. Both of these analyses, while highlighting the basic nature of the acid soluble material, emphasized the differences (particularly in the relative proportions of the basic amino acids) from corresponding analyses of the arginine-rich (F3) histones (Table I) . Experiments described elsewhere (Russell et al. 197I) have shown that adenovirus on electrophoresis yields five major bands -those characteristic of the hexon, penton base and fibre polypeptides and those of the two internal components-designated core-r and core-2 proteins. Thus, by electrophoresis it was evident that both these methods of acid extraction yielded mainly the core-I and core-2 proteins but also some of the fibre polypeptide (see Fig. 3 , Russell et al. I968). These results are significantly different from those found by Boulanger et al. (197o) for the
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acid soluble material of adenovirus type 5. The high content of glutamic acid found by these workers suggests that their preparations were significantly contaminated by the hexon antigen. Proline 7"7 8.1 4"8 4" Glycine 7"3 7"6 7"7 7"I Alanine C, F3 histones from chinese hamster tissue culture cells (Gurley & Hardin, ~968) . D, F 3 histones from human liver (MacGillivray, I968). * ND Not determined.
The relationship of these acid-soluble components (virus 'core' components) to some of the events occurring in the infected cell were examined in the next series of experiments. Cells at various times after infection were harvested, disrupted by sonic treatment, lyophilized and extracted with a mixture of O.4N-sulphuric acid and sodium bisulphite (O'05M) by shaking at 4 ° for 4 hr. The supernatant fluids after centrifugation at 4 ° (500 g, Io min.) were filtered through a Millipore membrane and then precipitated with acetone as described above. This particular method of extraction was chosen in preference to the other mentioned above since it is an efficient means of extracting histones which avoids the problem of proteolysis (Panyim & Chalkley, I969) . Using these conditions of acid extraction the purified disrupted virus gave on analysis by acrylamide gel electrophoresis core-I and core-2 proteins together with faint traces of fibre and hexon polypeptides. For electrophoretic analysis the cellular acid extracts were dissolved in a small volume of o.9N-acetic acid containing 8M-urea and 2o% glycerol and applied to t5% polyacrylamide gels (in 2-5N-urea+o.9N-acetic acid, pH 2.8). The advantage of this electrophoresis system is that it is well characterized with respect to the different classes of histones (Panyim & Chalkley, I969) . The pattern of bands produced by the uninfected and infected cell acid extracts were identical and could be readily characterized into the five major classes of histones --F~, F3, F2b, F2a2 and F2alE -by running a sample of whole pig histone (kindly supplied by Dr E. W. Johns) in parallel.
Acid extracts of purified virus, when subjected to electrophoresis under the same conditions, showed that core proteins ~ and 2 had approximately the same mobilities as the F[ and F3 histones respectively. A number of less mobile components were also evident in the electropherograms of the cellular acid extracts, but these appeared to be derived from cytoplasmic acid soluble components since they were not seen in acid extracts of isolated nuclei. (Isolated nuclei were not used here since experiments by M/intyj~irvi & Russell (I969) had shown that nuclei isolated from infected cells were very fragile and readily leaked virus antigens into the cytoplasmic fraction). Although no differences were detected in the pattern of histones produced as a result of infection, it was possible that there could have been significant differences in the synthesis of the various classes of histones following infection. Accordingly, cells were pulse-labelled at various times after infection with [14C]alanine and the acid-soluble extracts examined by gel electrophoresis. (This particular amino acid was chosen since both histones and the acidsoluble material are relatively rich in alanine. There was the further advantage that alanine is not a component of Eagle's medium and there were therefore none of the problems associated with the withdrawal of the amino acid and consequent effect on virus.production cf. Rouse & Schlesinger, z967.) Samples of 4 x ]o o HEK cells were infected (or mockinfected) in suspension and plated out as monolayers in 5 ml. of Eagle's medium. The radioactive label was added (to 2 #c/ml. at ]5o mc/m.mole) to the monolayer cultures for z hr periods and the cells were then harvested, washed well in phosphate-buffered saline and then extracted with acid. Cells were pulse-labelled in this way for from 5 to 7 hrs, [o to T2 hr and 16 to I8 hr and the acid extracts analysed in the 15 % acrylamide gels containing urea and acetic acid giving the characteristic histone pattern. The gels after staining were sliced longitudinally and dried and retained at their original size by adherence to cellophane Short communications (Fairbanks, Levinthal & Reeder, i965) . The various histone fractions were then easily cut from the strips with scissors, transferred to scintillating vials and the acrylamide digested by overnight incubation with o.I ml. volumes H202 (3o %, w/v) at 56°. By addition of a toluene +triton scintillating fluid (Noll, I969 ) the distribution of radioactivity amongst the various histone classes was readily ascertained. With the Io to I2 and I6 to I8 hr 'pulses' the pattern of incorporation of the label into the control cell histones was strikingly similar at both times, the Fza2 and F2b histories showing the highest incorporations (Fig. 1) . In contrast, the histories derived from the infected cells showed a different pattern of incorporation, the synthesis of the FzaI, Fza2 and F2b histones being considerably and progressively inhibited with a corresponding increase in the other histones, particularly the F3 histone. However, in view of the finding that the virus core-proteins I and 2 had similar electrophoretic mobilities to the F1 and F3 histone classes, it seems likely that the apparent increases in cellular F 3 histone synthesis were in fact due to the incorporation of label into the core-2 protein which was very rich in alanine (Russell et aL J97I) , and that infection therefore resulted in a progressive but relatively gradual inhibition of normal histone synthesis. Of course, the possibility cannot be ruled out that virus-specified non-structural proteins could also have similar electrophoretic mobilities to the Fi and F3 histone classes. Similar results with regard to inhibition of histone synthesis following infection have been obtained with pseudorabies, another DNA-containing virus (Stevens, I969) , although in that case the inhibition was complete by 6 hr after infection.
Cellular DNA synthesis appears to be inhibited relatively early in adenovirus infection under these experimental conditions (M~ntyjfirvi & Russell, I969) . Whether this DNA inhibition can be correlated with the inhibition of histone synthesis, as has been found in other systems (Mueller, I969; Winocour & Robbins, I97O) , would be extremely interesting. However, more definitive investigations measuring DNA and histone synthesis in the same experiment would be necessary to decide this. However, the results in these experiments described here do suggest that the inhibition of cellular histone synthesis may be merely a reflexion of the general inhibition of cellular protein synthesis (Ginsberg, Bello & Levine, ~967) . On the other hand, the production of the virus acid-soluble core proteins correlates to some extent with virus DNA synthesis (Mfintyj~trvi & Russell, 1969) , suggesting that these components may perform some of the functions in relation to the virus DNA that the cellular histones do for the cell DNA. Whether these functions are regulatory or structural (or both) is still to be decided. I wish to acknowledge the excellent technical assistance of Miss Carol Potts and Mr J. Wills. Mr C. Brand also assisted with some of the earlier experiments. Dr S. Jacobs kindly made the amino acid analyses. Mill Hill, London, N.W. 7 W. C. RUSSELL
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